main sources of public concern. While the risk of well casing failure, spills and other accidents cannot be dismissed, 3,4 3,4 these can be mitigated (though not removed entirely) by proper regulation and the move towards "safer" fracturing fl uids. However, although any exposure would likely be to heavily diluted chemicals, the toxicological effects of some chemicals in their dilute form are not well understood. 5,6 5,6 In particular, chemicals affecting the endocrine systemsuch as ethoxylated 4-nonylphenol, which has been used in Australian operations 6 -can affect humans at extremely low quantities. 7 The fate of stranded fracturing fl uids (those remaining underground) has also not been well established, and there is a signifi cant failure rate for abandoned wells in the United States, leading to materials leaking into the surrounding areas. 8 Additionally, while the minor seismic activity caused by fracturing is unlikely to result in earthquakes of a magnitude that can be felt, it introduces a further risk of damage to well casings.
However it is wastewater, which contains naturally occurring contaminants that are diffi cult and costly to A ustralia has signifi cant reserves of unconventional gas, with combined estimated reserves of coal seam, shale and tight gas amounting to over three and a half times those of conventional gas. 1 The industry is undergoing rapid growth as a result of advances in gas extraction techniques -most notably the widespread adoption of hydraulic fracturing (commonly known as fracking), which involves injecting large quantities of water, chemicals and proppants (materials like sand intended to keep fractures open) into gas reservoirs to open fractures and allow the gas to fl ow more readily. While coal seam gas (CSG) has been the focus of much public debate in Australia, it is the nascent shale gas industry that is likely to be responsible for the biggest expansion of hydraulic fracturing in the coming decades.
The promise of reliable and affordable energy, the potential windfall from exports, and claims that it is less damaging to the climate than coal have become major selling points of unconventional gas for its proponents. However, the industry has been beset by controversy over its potential negative health, social and environmental impacts.
Fears over the potential health implications of hydraulic fracturing led over 100 medical practitioners to request the Obama administration to halt the construction of new liquefi ed natural gas (LNG) terminals on the basis that " [t] here is a growing body of evidence that unconventional natural gas extraction from shale . . . may be associated with adverse health risks through exposure to polluted air, water, and soil". 2 There are also environmental, social and psychological factors that have more indirect effects on health, and important social justice implications arising from the distribution of health burdens.
While there is a dearth of conclusive evidence about the health and environmental effects of fracturing, there is an emerging body of evidence on the areas of greatest potential risk and uncertainty in regards to water, air and social pathways. When taken into consideration along with concerns about the level of fugitive emissions and the potential effect on the development of renewable energy, these health concerns make unconventional gas a doubtful saviour for Australia's energy needs.
Wastewater is a greater hazard than fracturing fl uids
The risk of fracturing chemicals directly contaminating water used for drinking or irrigation has been one of the Harms unknown: health uncertainties cast doubt on the role of unconventional gas in Australia's energy future Summary  There is a push to increase production of unconventional gas in Australia, which would intensify the use of the controversial technique of hydraulic fracturing.
 The uncertainties surrounding the health implications of unconventional gas, when considered together with doubts surrounding its greenhouse gas profi le and cost, weigh heavily against proceeding with proposed future developments.
 The health and environmental impacts of hydraulic fracturing have been the source of widespread public concern. A review of available literature shows a considerable degree of uncertainty, but an emerging consensus about the main risks.
 Gas is often claimed to be a less climate-damaging alternative to coal; however, this is called into question by the fugitive emissions produced by unconventional gas extraction and the consequences of its export.
 While the health eff ects associated with fracturing chemicals have attracted considerable public attention, risks posed by wastewater, community disruption and the interaction between exposures are also of concern.
 The health burdens of unconventional gas are likely to fall disproportionately on rural communities, the young and the elderly.
 While the health and environmental risks and benefi ts must be compared with other energy choices, coal provides a poor benchmark.
remove (as well as fracturing and drilling fl uids), that poses a greater human and environmental health risk. 4,8 4,8 There are many documented and anecdotal cases of spills, failures of holding dams, and the accidental and planned release of contaminated wastewater in Australia and the US. 9-11 9-11 Natural contaminants present in wastewater can include heavy metals and radioactive materials, which have serious and well known health effects. 8 Uranium and heavy metals have been shown to be mobilised by fracturing and drilling chemicals. 12 12 Unconventional gas developments create air pollution
One of the clearest health benefi ts of gas over coal is the fact that it is responsible for signifi cantly less damaging particulate matter (PM) than coal. 13 13 However, unconventional gas extraction is responsible for air pollution from diesel fumes from infrastructure development and stationary equipment, gas processing, venting and fl aring. Fugitive methane emissions can catalyse development of ground level ozone and combine with PM to form smog, both of which contribute to respiratory disease, among other health effects, and damage to crops -gasfi eld haze is a well known effect in the US, with such pollution capable of travelling substantial distances. 14 14 Shale gas extraction can also involve the fl aring or venting of "associated" gases, which can become hazardous air pollutants. 15 15 The cumulative risks from these sources are diffi cult to estimate, however one study calculated the cumulative cancer risks for residents of Battlement Mesa, Colorado, to be "6 in a million for residents > 1/2 mile from wells and 10 in a million for residents ഛ 1/2 mile from wells", also noting other symptoms reported by residents "consistent with known health effects of many of the hydrocarbons evaluated". 16 16 It is likely that the distance of most Australian operations from densely populated areas at present makes the health impacts of air pollution less pronounced than in the US, although this may change as the industry fi ghts against current setback restrictions. Although not conclusive, findings from an investigation of "downwinder's syndrome" in Queensland suggested no direct link to air pollution, 17 17 and pollution can also be reduced by improvements to equipment. However it is becoming apparent that any level of such air pollutants can have health implications at a population level. 13 13 Further, given the opportunity to move to far less polluting alternatives such as renewable energy, the reduction of PM compared with coal is not enough to recommend further gas developments.
Moreover, air pollution remains a potentially serious health issue for workers. Although the nature of risks to workers is unclear, potential exposures include toxic materials and chemicals, airborne silica from sand used as a proppant, and radon. A signifi cant number of air samples collected in the US exceeded the recommended exposure limits for airborne silica, with one report claiming the potential of developing silicosis to be a signifi cant known health hazard to workers involved in hydraulic fracturing. 18 Social impacts exacerbate other health eff ects Gas developments can have numerous and considerable social and psychological effects, which may exacerbate more direct health risks. Although there are potential benefi ts to communities, and effects are likely to be mixed, 14 14 a study of the impacts of mining and CSG operations on the mental health of landholders in Queensland concluded that these operations placed rural communities "under sustained stress", with study participants perceiving that these operations "signifi cantly impacted or exacerbated issues such as the health, social fabric and economy of the community", and the authors noting that local health services faced "unsustainable pressure". 19 19 Unconventional gas developments in Australia also make use of fl y-in, fl y-out and drive-in, drive-out workforces. While these arrangements have some benefi ts, they have come under scrutiny for their negative infl uence on community cohesion, increasing the cost of living, and their association with high levels of alcohol and drug use, mental health issues and violence (although these latter are also more generally associated with the demographic of young men who make up most of these workers). 20 20 Social justice implications require more attention Inequity can be an indirect cause of ill health, and the development of unconventional gas resources threatens to distribute health burdens in an unfair way. Most of the potential health hazards are likely to be felt by groups such as the elderly, children and the poor because of their vulnerability to the hazards involved, those living in rural, agricultural and Indigenous communities because of the location of operations, and future generations -the same groups liable to bear signifi cant costs of climate changewhile the fi nancial benefi ts will accrue to the predominantly foreign owners of the resources.
Australia must also take responsibility for the moral implications of our role as one of the world's largest exporters of gas, with exports expected to reach nearly 70% of gas production by 2035. The emissions from the combustion of exported gas are not included in our national inventory; however it is plausible that countries have a prima facie responsibility for at least part of the harms caused by their exported emissions. According to the International Energy Agency, "Only one third of the carbon contained in proven reserves of fossil fuels can be released into the atmosphere by 2050 if the world is to achieve its under 2°C goal". 21 21 It is clear that, insofar as we need to extract and use fossil fuel resources, this needs to occur in a controlled and fair way, but there are currently no such constraints on our development of new sources of gas.
The question of fugitive emissions
A further health issue raised by any proposed energy source is its contribution to climate change, which has the potential to reverse gains in global health, for example by exacerbating illnesses and causing deaths through undernutrition, extreme weather conditions and disease. 22 22 The combustion of gas produces about 40% of the greenhouse gas (GHG) emissions of coal, which has been offered as a reason to support the industry's expansion, either as a "stepping stone" towards renewables or as an end point in itself. However, this proposed benefi t is called into serious question by the level of fugitive emissions (emissions that are not captured for use) produced by its extraction and transport. There is considerable disagreement about the extent of these emissions, with estimates ranging from 0.1% to 9% of gas produced (with current US Environmental Protection Agency estimations at about 2.4%). 23-26 23-26 Notably, there are as yet no reliable fi gures for Australian operations, 27 27 and regardless of how it compares to coal, unconventional gas is responsible for large quantities of GHG emissions in absolute terms.
Unconventional gas is predominantly methane, which is estimated to have a global warming potential 25 times greater than carbon dioxide over a 100-year period, and 72 times greater over a 20-year period. 28 28 The nature of climate change and the possibility of "tipping points" in the short term make it important to consider this perspective, with several reports estimating fugitive emissions from unconventional gas to be of a level (between 2% and 3.2% of production) that would likely undermine its climate benefi ts compared with coal in this time frame. 29,30 29,30 The effects of climate change, such as increased fl oods and drought, can be expected to exacerbate many risks, and are also likely to disproportionately affect vulnerable groups. This highlights the importance of considering the shortterm global warming potential of methane and the social justice implications of energy choices.
Increased gas production may also displace emerging renewables markets in export countries and impair the growth of the renewables sector in Australia. In addition, the technology used for generating energy from exported LNG cannot be assumed to be of comparable effi ciency to that deployed in Australia. 31 31 Implications of the health impacts of unconventional gas
The current evidence does not provide a clear picture of the health implications accompanying the proposed expansion of Australia's unconventional gas industry. In some cases, this is because of gaps in our knowledge that could be rectifi ed, while other risks are inherently uncertain because they involve complex systems and interacting health pathways.
It is important to note that the absence of concrete evidence of harm does not equate to evidence of its absence. The uncertainty over the health implications of unconventional gas is greater than that surrounding any other energy choice, and suggests that adopting an attitude of precaution -such as that employed with the introduction of a new drug -is justifi ed on the basis of health risks alone.
However, as with decision making in a clinical setting, appeals to precaution need to take place in a broader assessment of risks and benefi ts. In the case of unconventional gas, this includes its implications for climate change, which -as argued above -also indicate its unsuitability. Further, while it is commonplace to compare gas with coal, coal is known to infl ict serious damage on human and environmental health, 32 32 making it a poor benchmark and obscuring unfavourable comparisons with renewable energy choices.
It is clear that Australia must quickly move beyond its reliance on coal for health and environmental reasons. However, when taking into consideration the uncertainties over health risks, the unfavourable comparisons with other energy options, the climate risks associated with fugitive emissions, the moral obligations Australia faces as a gas exporter, the potential displacement of renewables and doubts raised over the claim that gas will prove to be a cheap energy option, 33 33 the scale is fi rmly tipped against the further development of unconventional gas.
